Introduction: This 24-week randomized, double-blind, non-inferiority study compared the efficacy and safety of febuxostat, a xanthine oxidase inhibitor, with allopurinol using an uptitration method in hyperuricemic Chinese subjects with or without gout. Methods: Eligible adults (serum uric acid [SUA] [ 7.0 mg/dl with a history of gout, SUA C 8.0 mg/dl with complications or SUA C 9.0 mg/dl without complications) were randomized (1:1:1) to febuxostat 40 mg/day, 80 mg/day, or allopurinol 300 mg/day. Starting doses of febuxostat 20 mg/day and allopurinol 100 mg/day were up-titrated, up to 16 weeks, to the randomized doses and maintained to week 24. Primary endpoint was non-inferiority of febuxostat 40 mg/day versus allopurinol 300 mg/day based on the percentage of subjects with SUA B 6.0 mg/dl at week 24. The same comparison was made between febuxostat 60 mg/day or 80 mg/day versus allopurinol 300 mg/day. Safety assessments included measurement of treatment-emergent adverse events (TEAEs). Results: The per-protocol population comprised 472 subjects. Non-inferiority of febuxostat 40 mg/day versus allopurinol 300 mg/day was not demonstrated based on the protocoldefined margin of -10% (44.7 vs. 50.0%; -5.3% difference; 95% confidence interval Enhanced Digital Features To view enhanced digital features for this article go to: https://doi.org/10.6084/ m9.figshare.9771893.
INTRODUCTION
The global prevalence of hyperuricemia, defined as serum uric acid (SUA) levels of C 6.8 mg/dl in the extracellular fluid, has increased over the past few decades; it continues to rise in developed countries such as the United States (21.2-21.6%) and in rapidly developing countries such as China (13.3%), where major shifts in lifestyle and diet have occurred over the past two decades [1] [2] [3] [4] . Prolonged hyperuricemia can lead to the development of gout, manifesting as the deposition of monosodium urate crystals in and around the joints [5] and is associated with the development of metabolic syndrome components such as obesity, hypertension, diabetes, and dyslipidemia [6] [7] [8] . In addition, gout often causes severe pain that may lead to substantial morbidity [4] , meaning that effective treatments are warranted.
Currently, gout management aims to reduce SUA levels to B 6.0 mg/dl to prevent the deposition of monosodium urate crystals in and around the joints [9, 10] . Approved SUA-lowering treatments include xanthine oxidase inhibitors, such as allopurinol, which has been widely used for the treatment of gout since the 1960s [11] [12] [13] , in combination with low-dose, daily colchicine for the prophylaxis of flares [14] . However, treatment with allopurinol is associated with a risk of hypersensitivity syndrome, including toxic epidermal necrolysis and Stevens-Johnson syndrome [15, 16] . Other studies have demonstrated that these hypersensitivity syndromes have a strong association with the HLA-B*58:01 allele, a genetic variant frequently observed in Asian populations [17] .
Febuxostat is a more recently developed nonpurine xanthine oxidase inhibitor approved for the treatment of subjects with hyperuricemia and/or gout [18] . In numerous randomized, controlled, phase 3 studies, febuxostat demonstrated superior efficacy for reducing SUA levels to B 6.0 mg/dl compared with allopurinol 300 mg/day, with a comparable tolerability profile [19] [20] [21] [22] [23] [24] . In Chinese subjects, the efficacy and safety of febuxostat compared with allopurinol has been studied [22] [23] [24] . One of these studies in Chinese subjects assessed febuxostat 40 mg/day and 80 mg/day versus allopurinol 300 mg/day over 52 weeks (prophylaxis for gout flares was allowed) [22] . The study achieved the primary endpoint of SUA \ 6.0 mg/dl at the last three visits in a significantly greater number of subjects in the febuxostat 80 mg/day group (p \ 0.001) compared with the allopurinol 300 mg/day group, but not in the febuxostat 40 mg/day group (p = 0.216) [22] . Another study in Chinese subjects assessed febuxostat 40 mg/day and 80 mg/day versus allopurinol 300 mg/day over 28 weeks (prophylaxis for gout flares was allowed during weeks 1-8) [24] . The study achieved the primary endpoint of SUA \ 6.0 mg/dl at the last three monthly measurements in a significantly greater number of subjects in the febuxostat 80 mg/day group (p \ 0.0001) compared with the allopurinol 300 mg/day group, and the febuxostat 40 mg/day group was non-inferior to the allopurinol 300 mg/day group [24] . However, in a study of the cardiovascular safety of febuxostat 40 mg/day and 80 mg/day versus allopurinol 300-600 mg, febuxostat was associated with a significant increased risk of death from any cause (p = 0.04) and cardiovascular death (p = 0.03) [25] .
Our phase 3, randomized, double-blind, non-inferiority study aimed to contribute to the evidence base by investigating the efficacy and safety of febuxostat at daily doses of 40, 60, and 80 mg/day, compared with allopurinol 300 mg/day, over 24 weeks in hyperuricemic Chinese subjects with or without gout.
METHODS

Study Design
This 24-week, phase 3, multicenter, randomized, double-blind, double-dummy, active-controlled, three-arm, parallel-group, noninferiority study assessed the efficacy and safety of once-daily oral febuxostat (40 mg/day or 80 mg/day) compared with allopurinol 300 mg/day in reducing SUA levels in adults from China with hyperuricemia with or without gout (trial registration number JapicCTI-132106). The study included a screening period of at least 2 weeks, followed by a double-blind treatment phase of 24 weeks and a safety followup phase of 2 weeks ( Fig. 1 ).
At randomization (day -1), subjects were assigned to one of three treatment groups in a 1:1:1 ratio: febuxostat 40 mg/day, febuxostat 80 mg/day, or allopurinol 300 mg/day. Subjects were randomized using an interactive web response system (IWRS) and were stratified by screening SUA level (\ 9.0 mg/dl, C 9.0 mg/dl to \ 10.0 mg/dl and C 10.0 mg/dl) and study center. Authorized personnel at each study center received a unique identity number and personal identification number for use with the IWRS to ensure secure and controlled access to the system to record which treatment group each subject was randomized to. The treatment that each subject received was not disclosed to investigators, site staff, subjects, the sponsor or their representatives until after the study database had been formally locked. The appearance of study medications and placebo were identical.
Rapid reductions in SUA levels during treatment initiation with SUA-reducing drugs are associated with acute gout flares. To avoid such flares, doses were gradually increased from initial to target doses of febuxostat and allopurinol. For both febuxostat dose groups, treatment was initiated at 20 mg/day on day 1 and was uptitrated to 40 mg/day on week 5. For the febuxostat 80 mg/day group, the dose was then further up-titrated to 60 mg/day on week 9 and to 80 mg/day on week 17. Allopurinol was initiated at 100 mg/day on day 1, increased to 200 mg/day on week 3, and to 300 mg/day on week 5 ( Fig. 1 ). Treatment compliance was verified by tablet count at each study visit. Subjects who had taken \ 80% or [ 120% of the required number of tablets were considered non-compliant.
The study was conducted at 14 sites in China between April 2013 and January 2015. Ethical approval was obtained from the Independent Ethics Committees (IEC) from each study site (Supplementary Table 1 ) and all subjects provided written informed consent prior to randomization. The master IEC was Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China. The study was conducted in accordance with the Declaration of Helsinki on Ethical Principles, applicable provisions in Good Clinical Practice, and applicable drug and data protection laws and regulations in China.
Subjects
Eligible subjects were men or women aged between 18 and 85 years, with SUA levels of [ 7.0 mg/dl with a history of gout, SUA levels of C 8.0 mg/dl with complications (defined as a need for pharmacologic or other treatment for lithangiuria, hypertension, hyperlipidemia, or abnormal glucose tolerance) or SUA levels of C 9.0 mg/dl without complications.
Subjects were excluded if they: reported an acute attack of gouty arthritis at the screening visit or the randomization visit (day -1) or if they had recovered for less than 2 weeks from a previous gouty arthritis attack; had been routinely receiving non-steroidal anti-
Fig. 1
Study design and dose-titration scheme for febuxostat 40 mg/day, 80 mg/day, and allopurinol 300 mg/day groups. The study included a screening phase, a doubleblind randomized treatment phase (including a dosetitration period and a dose maintenance period, totaling 24 weeks) and a safety follow-up phase (2 weeks). After the screening phase, subjects were randomized into a 24-week treatment phase in which febuxostat and allopurinol were gradually up-titrated to the randomized dose; this was followed-up with a 2-week safety phase. The last visit was an end-of-treatment visit or an early termination visit inflammatory drugs or corticosteroids (not including topical application) for a disease other than gouty arthritis; had a medical condition that would interfere with treatment, safety, or adherence to the protocol; were pregnant or lactating; had a history of drug-induced allergy or hypersensitivity; had renal dysfunction (serum creatinine C 1.5 mg/dl or 133 lmol/l); had severe hypertension (systolic blood pressure C 180 mmHg or diastolic blood pressure C 110 mmHg) or blood pressure that was not well controlled with antihypertensive agents; or had received any investigational product within 90 days prior to the start of screening. Subjects were prohibited from taking any uric acid-reducing medication or any drugs for the prophylaxis of gout flares, such as colchicine, during the study. Subjects who took one or more prohibited medications during the 2 weeks prior to providing informed consent underwent a washout period of at least 2 weeks prior to randomization ( Fig. 1 ).
Endpoints
The assessment of efficacy was based on centralized measures of SUA levels in blood samples taken at baseline and after 2, 4, 8, 12, 16, 20, and 24 weeks of treatment. The primary efficacy endpoint was non-inferiority of febuxostat 40 mg/day versus allopurinol 300 mg/day based on the percentage of subjects with SUA B 6.0 mg/dl at week 24. Key secondary efficacy endpoints were non-inferiority of febuxostat 60 mg/day (at week 16) and 80 mg/day (at week 24) versus allopurinol 300 mg/day based on the percentage of subjects with SUA B 6.0 mg/dl. Other secondary efficacy endpoints included the percentage of subjects with SUA B 6.0 mg/dl at post-baseline visits, the percentage of subjects with SUA B 7.0 mg/ dl at week 24 and the mean percentage change in SUA level from baseline to each post-baseline visit.
Adverse events (AEs), serious AEs (SAEs), clinical laboratory tests, 12-lead electrocardiogram, vital signs and physical examination findings were assessed throughout the 24-week study. AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 17.1. Gout attack during treatment was recorded where the lowest level term was gout, gout acute, gout attack, or gout flare.
Statistical Analysis
Based on the results of two previous up-titration febuxostat versus allopurinol clinical studies in Japan [26, 27] , a sample of 474 subjects (158 per treatment group) was required to meet the noninferiority criteria with 90% power to detect a 10% difference between the febuxostat 40 mg/day and allopurinol 300 mg/day group for the primary endpoint. The true response rates were assumed to be 76% for allopurinol and 81% for febuxostat 40 mg/day.
The safety analysis population included all subjects who were randomized and had received at least one dose of randomized study treatment. The full analysis set included all subjects who were randomized, had a SUA level [ 7.0 mg/dl at randomization and had taken at least one dose of randomized study treatment. The per-protocol population included subjects in the full analysis set who were considered sufficiently compliant with the protocol.
Efficacy analyses were carried out on the perprotocol population and were repeated for the full analysis set to explore the robustness of the results. If SUA data were missing, data from the last available post-baseline assessment were used for the primary analysis. For the primary efficacy analysis, a non-inferiority margin of -10% was used for the comparison of febuxostat 40 mg/day versus allopurinol 300 mg/day; this meant that non-inferiority would be demonstrated if the lower bound of the twosided 95% exact binomial confidence intervals (CIs) for the difference in response rates between febuxostat 40 mg/day and allopurinol 300 mg/day was greater than -10%. When analyzing the difference in response rates between allopurinol 300 mg/day and febuxostat 60 mg/day or febuxostat 80 mg/day, non-inferiority was assessed first. If non-inferiority was demonstrated, then superiority was assessed based on a margin of 0%; i.e., superiority would be demonstrated if the lower bound of the twosided 95% exact binomial CIs for the difference in response rates was greater than 0%. Data for the percentage of subjects with SUA B 6.0 mg/ dl and the mean percentage change from baseline in SUA at week 24 were also summarized for subgroups based on baseline SUA levels.
RESULTS
Study Population
A total of 763 subjects provided consent, of whom 599 were randomly assigned to treatment (Fig. 2) . The safety analysis population included 590 subjects who received at least one dose of randomized study treatment. Five subjects received the wrong treatment and were excluded from the analysis populations. The full analysis set included 553 subjects. The most common reasons for exclusion from the full analysis set were SUA B 7.0 mg/dl at day -1 and withdrawal of consent (both n = 36). The per-protocol population included 472 subjects (150 in the febuxostat 40 mg/day group, 160 in the febuxostat 80 mg/day group, and 162 in the allopurinol 300 mg/day group).
Baseline demographics and disease characteristics were comparable across the three (Table 1 ). All subjects were of Asian race and were mostly male (98.7%). Over half of the subjects (52.4%) had a history of alcohol abuse and most were overweight (61.1%) with a BMI of C 25 kg/m 2 . The mean SUA at baseline ranged from 9.6 to 9.8 mg/dl. Mean treatment compliance was similar in all groups, ranging from 94.6 to 96.7% in the full analysis set.
Efficacy
In the per-protocol population, the proportions of subjects achieving a week 24 SUA level of B 6.0 mg/dl was 44.7% and 70.0% in the febuxostat 40 mg/day and 80 mg/day groups, respectively, versus 50.0% in the allopurinol 300 mg/day group (Fig. 3) . The lower bound of the 95% CI for the difference in week 24 response rates between the febuxostat 40 mg/day and allopurinol 300 mg/day groups was outside the non-inferiority margin of -10% (difference, -5.3% [95% CI -16.4%, 5.8%]); therefore, febuxostat 40 mg/day did not meet the primary endpoint of demonstrating non-inferiority to allopurinol 300 mg/day ( Fig. 3a) . At week 16, when the subjects in the febuxostat 80 mg/day group were receiving a 60 mg/day dose, the proportion of subjects achieving SUA B 6.0 mg/dl was 66.3 vs. 51.2% in the allopurinol 300 mg/day group. The lower bound of the 95% CI for the difference in week 16 response rates between febuxostat 60 mg/day and allopurinol 300 mg/day was within both the non-inferiority margin of -10% and the superiority margin of 0% (difference, 15.0% [95% CI 4.2%, 25.9%]); therefore, febuxostat 60 mg/day demonstrated both non-inferiority and superiority to allopurinol 300 mg/day (Fig. 3b) . At week 24, the lower bound of the 95% CI for the difference in response rates between the febuxostat 80 mg/day and allopurinol 300 mg/day groups was within both the non-inferiority margin of -10% and the superiority margin of 0% (difference, 20.0% [95% CI 9.3%, 30.7%]); therefore, febuxostat 80 mg/day demonstrated both non-inferiority and superiority to allopurinol 300 mg/day (Fig. 3c ). Comparison of SUA B 6.0 mg/dl response rates for the full analysis set demonstrated similar results (Fig. 3) . The mean percentage change from baseline SUA levels over time is shown in Fig. 4 . At week 2, when all groups were at the starting dose (febuxostat 20 mg/day or allopurinol 100 mg/day), there was a larger mean percentage change from baseline SUA in both febuxostat treatment groups (-27.65% and -29.25% in the febuxostat 40 mg/day and febuxostat 80 mg/day groups, respectively) than in the allopurinol 300 mg/day group (-17.99%). From week 12 onwards, after the dose of febuxostat had been increased to 60 mg/day in the febuxostat 80 mg/day group, the decrease in SUA levels was greater in this group than in the allopurinol 300 mg/day and febuxostat 40 mg/day groups. At week 24, the largest mean percentage decreases in SUA from baseline were observed in the febuxostat 80 mg/day group (45.2 vs. 32.6 and 33.7% in the febuxostat 40 mg/day and allopurinol 300 mg/day groups, respectively).
At week 24, mean SUA levels were lowest in the febuxostat 80 mg/day group (5.2 versus 6.4 and 6.4 mg/dl in the febuxostat 40 mg/day and allopurinol 300 mg/day groups, respectively). Similarly, the percentage of subjects with SUA B 6.0 mg/dl at post-baseline visits increased gradually with dose titration in all three treatment groups. Response rates were comparable in the febuxostat 40 mg/day and allopurinol 300 mg/day groups, maintaining a range of 42.0-54.3% from week 12 onwards. In contrast, in the febuxostat 80 mg/day group the response rate increased to 70.6% by week 12 
Safety
In the overall safety analysis population, 446 subjects (76%) experienced at least one treatment emergent adverse event (TEAE). The incidence of TEAEs of any grade and of serious TEAEs were similar across the three treatment groups ( Table 2) . One subject in the febuxostat 40 mg/day group died in a road traffic accident. Gout was the most frequent TEAE in all three groups and was experienced by 51.0% of subjects. The incidence of gout flare was highest during the first 5 weeks in each group and gradually decreased thereafter; for example, in the febuxostat 80 mg/day group, gout attacks were experienced by 28.6% of subjects during the first 2 weeks of treatment and by 16.6% of subjects during the last 4 weeks of treatment. The only other TEAEs occurring in [ 5% of subjects in any one treatment group were increased alanine aminotransferase and upper respiratory tract infections. TEAEs led to the early withdrawal of study treatment on the investigator's decision for four subjects (2.0%) in the febuxostat 80 mg/day group, nine subjects (4.7%) in the febuxostat 40 mg/day group and eight subjects (4.1%) in the allopurinol 300 mg/day group. These were considered related to treatment for three subjects in the febuxostat 80 mg/day group and eight subjects in the febuxostat 40 mg/day and allopurinol 300 mg/day groups.
DISCUSSION
This randomized, double-blind, non-inferiority study did not meet the primary endpoint of non-inferiority of febuxostat 40 mg/day versus allopurinol 300 mg/day based on the percentage of subjects with SUA B 6.0 mg/dl at week 24. This contrasts with previous clinical studies in North America [19] [20] [21] and China [22] [23] [24] ; however, febuxostat at doses of 60 mg/day and 80 mg/day did demonstrate both non-inferiority and superiority to allopurinol 300 mg/day for the urate-lowering endpoint of SUA B 6.0 mg/dl. In addition, febuxostat resulted in a prompt reduction in SUA (within 2 weeks) that was persistent across doses. This was the first study to examine a dose-titration method for febuxostat treatment in a Chinese population and, as the febuxostat dose was increased, SUA levels decreased. At week 24, mean SUA levels were reduced to 6.4, 5.2, and 6.4 mg/dl in the febuxostat 40 mg/day, 80 mg/day, and allopurinol 300 mg/day groups, respectively.
A previous Chinese study demonstrated a febuxostat response rate that was similar to the rate achieved in our study, but with lower response rates for allopurinol 300 mg/day (34.6% compared with 50.0% in this study) [22, 23] . In addition, a recent meta-analysis demonstrated that febuxostat was superior to other urate-lowering drugs with regard to safety and efficacy [28] . In the meta-analysis, the efficacy of treatments with increasing doses was determined using surface under the cumulative ranking curve (SUCRA) percentage, reporting response rates of 55.0, 61.6, 76.7, and 88.7% for febuxostat 40, 60, 80 mg/day and 120 mg/day, respectively [28] . The response rate at week 24 for febuxostat 40 mg/day was lower in our study (44.7%) than that observed in the meta-analysis (55.0%), which may have been owing to the exclusion of urate-lowering and prophylactic drugs in our study. Subjects in our current study were found to have more severe hyperuricemia at baseline (mean SUA range 9.6-9.8 mg/dl) than subjects in two Japanese studies (mean SUA range 8.3-8.9 mg/dl) in which response rates of 82.9-88.9% for febuxostat 40 mg/day, 83.3-100% for febuxostat 60 mg/day and 87.8% for febuxostat 80 mg/day were reported [26, 27] . This may have contributed to the absence of noninferiority of febuxostat 40 mg/day versus allopurinol 300 mg/day, as responses were demonstrated to be lowest in subjects with high baseline SUA levels. In contrast, baseline SUA levels seemed to have little effect on the responses in the febuxostat 80 mg/day group. In addition, more subjects with hyperuricemia had gout in the current study compared with the Japanese studies (97.8 and 62.0%, respectively). It is also possible that the dose titration of febuxostat could have had an impact on final responses. In addition, the percentage of patients with asymptomatic hyperuricemia was low enough to not substantially contribute to the overall results, which was largely unexpected.
A limitation of this study may have been the underestimation of the non-inferiority margin. The 10% non-inferiority margin used in a previous study [21] was selected under the assumption of an 80% febuxostat response rate in the population. However, as the febuxostat 40 mg/day response rate in our study (44.7%) was lower than expected, and the standard error was almost 1.7 times larger than expected, a wider non-inferiority margin may have been more appropriate [24] . In addition, although allopurinol dosage should be titrated according to the SUA target [14] , this study limited subjects to a maximum of allopurinol 300 mg/day. It has previously been demonstrated that only around half of patients reach their SUA target when receiving allopurinol 300 mg/day [29] , yet allopurinol dosage continues to be poorly optimized globally [14, 30] .
Overall, febuxostat at ascending doses of 20, 40, 60, and 80 mg/day was well tolerated in this population of hyperuricemic Chinese subjects with and without gout. Numbers of TEAEs were similar between groups, most of which were mild/moderate in intensity. A total of 22 subjects with TEAEs and seven subjects with SAEs discontinued study treatment. Discontinuation rates were similar in the febuxostat 40 mg/day and allopurinol 300 mg/day groups and lower in the febuxostat 80 mg/day group.
Paradoxical flares of gout are well documented during initial urate-lowering therapy and have important implications for gout management. Both the European League Against Rheumatism [31] and the American College of Rheumatology [32] guidelines advocate prophylactic treatment to reduce the occurrence of flares, recommending colchicine and non-steroidal anti-inflammatory drugs as first-line options. While prophylactic treatment can decrease the rate of gout flares triggered at the initiation of urate-lowering therapy, it does not completely prevent their occurrence [33] . Furthermore, as with all pharmacological treatments, potential TEAEs and drug-drug interactions may be a concern; for example, colchicine has a narrow therapeutic window, with inter-subject variability in tolerance and multiple drug-drug interactions [34] , and non-steroidal anti-inflammatory drugs have cardiovascular, renal, and gastrointestinal side effects [35, 36] . In this study, prophylaxis for gout flares was prohibited, and instead, this study employed a gradual dose-titration method whereby febuxostat and allopurinol doses were increased incrementally to reach the target dose. This has been shown to be just as effective as colchicine prophylaxis for the prevention of gout flares [37] . The incidence of gout attacks in this study was higher than in previous studies that did not use a dose-titration method [21, 22] ; however, in these prior studies, all subjects received prophylaxis for gout, and gout flares were only recorded when additional treatment was required for their management. In our study, the incidence of gout flare was highest in each group during the first 5 weeks and gradually decreased thereafter. Decreased incidence of gout flares over time during febuxostat treatment has been observed in clinical practice and in another Chinese study [22] .
CONCLUSIONS
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